Background Spinal disease (spd) in multiple myeloma (mm) can be a major source of morbidity in newly diagnosed
BACKGROUND
Multiple myeloma (mm) is a treatable, yet noncurable, malignancy that carries high morbidity, mainly because of associated spinal and extra-spinal bony disease. In recent years, newer systemic therapies have significantly improved the survival of patients with mm [1] [2] [3] [4] [5] . However spinal involvement remains a major source of morbidity at diagnosis and can greatly affect quality of life for myeloma survivors. Spinal radiotherapy (rt) is an important treatment modality in the management of mm, being used in most patients with mm at some point during the course of their disease. Its primary use is for local control and palliation of symptoms [6] [7] [8] .
Here, we present a population-based retrospective analysis of patients diagnosed with mm at a Canadian cancer centre, highlighting the incidence of spinal disease and the effect of spinal rt on outcomes in those patients, including need for re-irradiation and overall survival in the modern era of chemotherapy and diagnostic imaging.
METHODS
Before data extraction, research ethics approval was obtained from the University of Manitoba Research Ethics Board. Using the Manitoba Cancer Registry, all patients diagnosed with mm in Manitoba between 1 January 2010 and 31 December 2014 were identified. The date of diagnosis was set as the date of bone marrow aspirate or biopsy confirming the diagnosis of mm. Demographic, clinical, and treatment-related data, including age at diagnosis, sex, chemotherapy, radiation therapy, transplantation, and death information, were extracted from electronic and paper charts.
Using the provincial radiology Picture Archiving and Communication System, all patients diagnosed with spinal disease [lytic disease, vertebral compression fracture, spinal cord compression (cc)] as reported on plain-film skeletal survey, computed tomography (ct) imaging, or magnetic resonance imaging (mri) were identified. Vertebral compression fracture was defined as any significant loss of vertebral height identified by a radiologist on one of the imaging modalities. Spinal cc was defined as symptomatic anatomic compression of the cord resulting from osseous and or extraosseous disease seen on mri. Radiotherapy data were extracted from the Eclipse radiation oncolog y system (Varian Medical Systems, Palo Alto, CA, U.S.A.). Data related to systemic therapy and autologous stem-cell transplantation were captured through the Varian Medical Systems medical oncology system. The end-of-study date was 31 December 2015.
Kaplan-Meier and time-varying Cox regression models were used to describe and predict overall survival. Treatment variables were included as time-varying predictors. Schoenfeld residual plots were used to test the proportional hazards assumption. Restricted cubic splines were used to test the assumption of linearity. Influence plots were used to detect influential outliers.
RESULTS

Spinal Disease
Based on bone marrow biopsy or aspirate, 306 patients with mm were identified. Of those patients, 291 (95%) had plain-film skeletal surveys with or without ct or mri; 190 (62%) had spinal ct imaging; and 109 (36%) had spinal mri. Based on the radiology reports, 155 patients (50.7%) were identified with spinal disease within 3 months of their diagnosis. 
Spinal RT
Of the 155 patients with spinal disease, 61% (n = 95) received spinal rt. In the groups who did and did not receive spinal rt, 12 patients (12.6%) and 15 patients (25%) respectively had spinal lytic disease, 62 (65.3%) and 43 (71.7%) had spinal compression fractures, and 21 (22.1%) and 2 (3.3%) had spinal cc.
Of the 95 patients who received spinal rt, 84% (n = 80) were treated within 3 months of their diagnosis. 
Systemic Therapy
Of the cohort overall, 89% (273 patients) received chemotherapy, and 22.5% (69 patients) underwent autologous stem-cell transplantation. Table i shows the proportion of patients with and without spinal disease who received chemotherapy and underwent transplantation. Of the patients with spinal disease, 85% (n = 51) of those who did not receive spinal rt and 93% (n = 88) of those who received spinal rt also received chemotherapy. Similarly, 27% (n = 16) of those who did not receive spinal rt and 20% (n = 19) of those who received spinal rt underwent stem-cell transplantation ( Table ii) . The more commonly used chemotherapy regimens included dexamethasonebortezomib (34%), cyclophosphamide-bortezomibdexamethasone (15%), cyclophosphamide alternating with prednisone (10%), bortezomib-cyclophosphamide alternating with prednisone (10%), and bortezomibmelphalan-prednisone (10%).
Survival Analysis
Median overall survival in the entire cohort was 2.67 years at a median follow-up of 1.93 years. In the entire cohort, 5-year survival was 27.7%. Overall survival was not significantly different in patients with and without spinal disease, with median survival being, respectively, 2.54 years and 3.59 years in those groups (hazard ratio: 1.102; 95% confidence interval: 0.81 to 1.50; p = 0.536; Figure 1 ). In univariable analysis, spinal and non-spinal rt was associated with a higher risk of death. However, the relationship between spinal rt and death became nonsignificant in the multivariable model, which included age at diagnosis, non-spinal rt, chemotherapy, and transplantation (Table iii) .
Further subset analysis revealed that, compared with patients who received spinal rt 3 months or more after their diagnosis, those who did not receive spinal rt or who received spinal rt within 3 months of their diagnosis had a lower risk of dying (p = 0.004; hazard ratio: 0.30; 95% confidence interval: 0.15 to 0.61; and hazard ratio: 0.44; 95% confidence interval: 0.22 to 0.87). However, that effect became nonsignificant in the multivariable model, which included age at diagnosis, non-spinal rt, chemotherapy, and transplantation (Table iv) .
Re-irradiation
When analyzed for re-irradiation, only 7% of the patients who received spinal rt were re-irradiated at the same site within 5 years. However, 66% of the remaining patients died without re-irradiation to the same site within 5 years ( Figure 2 ).
DISCUSSION
One of the most common manifestations of mm is osseous involvement, which is seen in up to 79% of patients at presentation and can affect any skeletal site. Osseous involvement ranges from lytic disease to compression fractures and spinal cc. Vertebral compression fractures can be seen in 22% of patients at presentation 9 . Pain and neurologic compromise are major causes of morbidity; the incidence of spinal cc has been documented to be 10%-24% in mm 10, 11 .
In addition to clinical presentation, imaging plays a crucial role in the diagnosis of spinal disease. Historically, a skeletal survey with plain radiography has been the most widely utilized imaging modality; however, its sensitivity for detecting lytic lesions is inferior to newer imaging modalities such as ct imaging, positron-emission tomography, and mri. Magnetic resonance imaging is considered to be one of the most sensitive imaging modalities to detect boney lesions in mm. Imaging by ct is indicated when further clarification is needed to define the extent of soft-tissue involvement in relation to a bone lesion 12, 13 . Positron-emission tomography is a valuable additional tool that is highly sensitive and specific for detecting bony lesions and extramedullary plasmacytomas 14 . Recently published guidelines from the European Society for Medical Oncology recommend low-dose whole-body ct as a new standard for the diagnosis of lytic disease in mm 15 .
In our study, most patients were initially screened using a skeletal survey; spinal ct and mri were used in a limited number of the patients to confirm the presence of spinal disease. Because spinal disease was treated with rt in 61% of the patients with spinal involvement (n = 95), it is likely that most of the patients in our study underwent ct and or mri because of symptomatic spinal disease rather than as a standard-of-care part of their initial evaluation. Furthermore, 9% of our entire cohort had spinal lytic disease, and 34% had compression fractures. The incidence of vertebral compression fractures in our report is higher than the 22% previously documented by Kyle et al. 9 in a large cohort of patients diagnosed between 1985 and 1998. In that particular study, only conventional radiography was used; our study showed the use of ct and mri in addition to plain radiography. For spinal cc, we used a strict definition, including findings on ct or mri (or both) in addition to clinical presentation; 8% of the entire cohort presented with spinal cc, which is consistent with prior reports 16 .
Management of mm with spinal disease requires a multidisciplinary approach, with systemic therapy being the primary treatment, with or without spinal rt. Surgical intervention could be needed-initially to obtain a pathology diagnosis and to stabilize the spine, frequently followed by postoperative spinal rt 17 .
Interestingly, myeloma cells are uniquely radiosensitive. In vitro studies indicate low SF2 values (the fraction of Significant values shown in boldface type. HR = hazard ratio; CI = confidence interval; RT = radiotherapy. cells surviving at 2 Gy), with an excellent clinical response to low-dose radiation 18 . The role of rt in mm is historical and has been recognized since 1931 19 . It can provide effective local control and can possibly cure solitary bone and extramedullary plasmacytomas 20, 21 ; however, the primary role of rt is palliative. While symptomatic patients are receiving systemic therapy, rt plays an important role in alleviating pain and offers local control of this debilitating disease. A large pool of published data indicates that most patients with mm require rt at some point during the course of their disease 6, 7, 22 .
Talamo et al. 23 reviewed 449 patients with mm. In their study, patients were treated with rt to various sites, including spine. The median rt dose in the study was 30 Gy in 10 fractions. More than 70% of the 55 patients who were evaluated for pain control experienced a partial or complete response to rt. However, no significant effect on median overall survival was observed in a comparison with patients who received no rt (85 months vs. 108 months, p = 0.052). Another retrospective review of 238 patients with mm and spinal cc treated with rt reported a response rate of 97%, with 82% local control of the spinal disease after 3 years 24 .
In the present study, we specifically evaluated the outcomes of mm patients with and without spinal disease in the context of systemic therapy, stem-cell transplantation, and spinal rt. Median follow-up was 1.74 years and 2.13 years for patients with and without spinal disease respectively. Mean age of the patients at initial diagnosis and the proportions who received chemotherapy and transplantation were not significantly different in those groups. More men than women were affected by spinal disease. Patients with non-spinal disease also constituted a slightly higher proportion of the group with spinal disease. Interestingly, despite the greater disease burden in the spinal disease group, overall survival was similar for the patients with and without spinal disease. That observation is likely a result of the fact that patients in both groups were treated with chemotherapy and transplantation, which remain the primary treatments for mm.
Among the patients with spinal disease, the group that received spinal rt included a larger proportion of patients with spinal cc: 21 patients (22.1%) compared with only 2 patients (3%) in the group that did not receive spinal rt. However, the group treated with non-spinal rt included a larger proportion of patients with lytic disease and compression fractures. Interestingly, 60 of the patients who did not require spinal rt were also not treated with any non-spinal rt. In contrast, of the 95 patients who required spinal rt, 37% (n = 35) also required non-spinal rt. We believe that a significant proportion of the patients with spinal cc and disease burden other than spine requiring non-spinal rt might have contributed to the higher risk of death in the spinal rt group. But that assumption cannot be verified without knowing the performance status of those patients and their clinical and radiologic response to rt. However, that difference in risk of death became nonsignificant when the age of the patients and chemotherapy and transplantation were taken into account. Hence, for several reasons, we have not been able to demonstrate with certainty either any beneficial or adverse effect of spinal rt on survival or local control. First, spinal rt in our cohort was given entirely for palliative purposes, with a wide range of doses and fractionation. Second, although only a small number of patients (7%) required re-irradiation, the fact that about two thirds of the patients died during a period of 5 years made it difficult to determine the need for irradiation to the same site. In 6 patients who required re-irradiation, chemotherapy was also given. Finally, most patients in the spinal disease cohort were managed with chemotherapy and transplantation regardless of their need for spinal rt.
Generally, 30 Gy in 10-15 fractions achieves excellent symptomatic control in patients with mm 25 . However, whether in context of modern systemic therapy the rt dose fractionation scheme and survival are correlated is unknown. In our cohort of patients, it is interesting to note that risk of death was lower in patients who received more than 20 Gy to the spine than in patients who received 20 Gy or less. However, given the small number of patients in each dose range, the power for that comparison would have been limited.
Limitations of the Study
This was a retrospective study. Patient selection for spinal rt, absence of a well-defined rt dose fractionation protocol, and absence of documentation for toxicity, quality of life, performance status, and imaging after the spinal rt to demonstrate objective treatment response all pose difficulties in determining the effect of spinal rt on local control and overall survival.
CONCLUSIONS
This large institutional review complements the existing literature concerning the incidence of spinal disease in patients with newly diagnosed mm. It remains unclear whether, in the context of modern chemotherapy and stem-cell transplantation, spinal rt is related to overall survival in patients with mm. Considering the impressive radiosensitivity of myeloma cells, the spinal disease burden at presentation, and the routine clinical use of spinal rt in this population, a multicentre prospective study with a well-defined spinal rt protocol is needed. Modern rt techniques, including intensity-modulated rt and imageguided rt can be used to deliver a hypofractionated regimen with perhaps a higher rt dose. Currently, patients with mm are excluded from stereotactic body rt protocols 26 . However, the principles of stereotactic body rt might be able to be exploited to deliver a dose of rt that provides effective local control with the least toxicity and that possibly triggers the abscopal effect, with its potential to affect overall survival-a novel concept to explore 27, 28 .
